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REPORT 1377 
MEASUREMENTS OF FREE-SPACE OSCILLATING PRESSURES NEAR PROPELLERS AT 
FLIGHT MACH NUMBERS TO 0.72 t 
By 1L>\ x C . l(U RBJUN a nd ART H U R W. V OGE LEY 
SUMMARY 
I n the course oj a hort flight program initiated to check the 
theory oj Garrick and Watkin (NACA R ep. 1198), a . eries 
oj mea uremen ts at three tation were made oj the 0 cillating 
pre ures near a tapered-blade planjorm propeller and a rec-
tangular-blade plan-jorm propeller at fl ight ]Y[ach numb rs 
up to 0 .72. These meacurements were made at a single radial 
station and at three axial positions (ahead oj, in the 7)lane of, 
and behind the p1'opeller di k ). De 'pile the limi ted scope oj 
the tests, agreement wi th the theory was obtained io the extent 
that: 
(a ) The 0 cillating 7J1'essures near the propeller tend to de-
crease wi th increa e in flight Mach numb I' up to a Mach 
number oj approximately 0.5 and to increa e rather rapidly 
at higher l.1.ach numbe1's . 
(b) The sound-pressure level of the higher harmonics of the 
propeller noise increase at a hi gher rate wi th i ncrea e in flight 
J1.ach number than th lower propeller harmonics. 
I n contradiction to the results f ound J OT the propeller studied 
in NACA R ez). 1198, the oscillating pre SU7'e' in the plane and 
ahead oj the propeller were j ou nd to be higher than those im -
mediately behind the propeller . Factors such as variation in 
torque and thru i di tribution, inc€ the blades oj the pre ent 
investigation were operating above their de ign .tOT'ward peed, 
may account jor this contradiction . 
The e. ffect oj blade plan f orm 'how' that a tapered-blade 
planjorm propeller will produce lower sound-pre sure levels 
than a rectangular-blade plan101'1n l)ropeller JOT the low blade-
pa sage harmonics (the jl'equenc·ie where structural con ider-
ations are important) and produce higher sound-pres. ure level 
f or the higher blade-passage harmonics {frequencies where 
pa senger comjort is important) . 
I TROD UCTIO N 
The effects of the ncar-field noise generated by propellers 
in flight are of continuously increasing concern Lo the avi-
aLion industry. With regard to air transportation , the 
o cillating pre mes in th e form of noi e directly affect pa -
engel' comfort 3 nd Lhe field of public relation. For th e 
airplane tructw'al enO'ineer , th ese 0 cillating pressures are 
creating erious fatigue problem. The e\Crity of th e 
problems increase \\-ith the continual trend toward higher 
power and higher flight peed. D etailed knowledge of 
th e pressnre fi elds about propellers is necessary for design 
and also, it i hoped, will eventually indicate a means of 
redu cing the 0 cillating pressmes. 
In the field of propeller-generated pre sme , both the 
th eoretical and experimental backgrounds are rather ex-
tensive. The Gutin theory (ref. 1) for the far-field pres-
ures is well known. Thi th eory has been extended in 
reference 2 to predict th e pre sure in the neal' field. Both 
references 1 and 2 deal strictly with tationary propellers 
but th e re ult of investigations undr static conditions have 
been applied with orne vcces , as in referen e 3, to low 
fl ight peeds. In reference 4, Garrick and Watkins havo 
fmth el' extended Gutin ' theory to take into account the 
efl'ect of forward speed. This extended theory includes the 
tationar:v propeller and th e far-fold simplifications as pecial 
cases. 
The purpose of th e flight te ts r eported herein was to 
obtain in -flight measm ements of propeller noise with whi h 
to check, if possible, th e theory of r eference 4 and to investi-
gate pal':1metel's afl'ecting propeller noi e such as propell er-
blade plan form , power, and tip speeds at a range of forward 
speeds up to th e maximum permi sible 11ach number of 0.72. 
SYMBOLS 
b blade width, ft 
C I section de ign lift co efficien t 
D propeller diameter , ft 
II blade thi ckn e s, ft 
M ", Aight ~/Iach number 
J1.n rotational tip ~1ach number 
J1, helical tip ?-.Iach number, ";h.'M"7""',,,::--2+7"""':'1\.1.'""'n-:2 
}.: engine spoed , rpm 
P power absorbed by propell er , hp 
7J root mean square of oscillating preSSUl'e, lb /sq ft 01' 
decibels, a indicated 
p ", static pressure, lb / q ft 
R propeller tip radiu , ft 
l ' racliu to a blade clemen t, It 
T lhrust of propel! r , lb 
t", free-ail' tempera tUl'e, OF 
I ' air peed, It / ec 
t Supersedes X .\ CA T echnical Xow 3·117 by Arthur W. Vogclcy and Max C. Kurbjwl . 1955. and XA A T echnical :--rote 4068 by Max C. K urbjun, 1957. 
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.I: longit udillal pos ition of microphon E', meas Ul'eci positi vc 
forward of propellc1' disk , Jt 
y rad ial posi tion of microphonc, l11 E'fl.surcc1 from pro-
pellcI' center, I t 
(3 cctlon bladc a nglc, deg 
TEST EQUIPMENT 
Th c airpla nc availablc for t his inve t igation was a singlc-
placc figh tc r typc equipped with a liquid-cooled inlin e cngin c. 
The cnginc was (·quipped with individual jet-ejector exh a us t 
stacks. 
Two types of propellcr , diffcring principally in blade 
plan forms, WC1'C u cd in this in vestigation. Thr differen ce 
in th e propcllcr-bladc s hapc is shown in th e photograph 
of th e two pl'opellcrs mounted on thc airpla nc (fig. 1) . 
F iglll'c J (a) shO\I th e tapered blade a nd figlll'c 1 (b ), the 
r cc tangular black. The cha rac teristic of t bc two blade 
designs ar c hown in figurcs 2 (a) a nd 2 (b ), re poctivcl.I' . 
Both p1'opcllers had a d iameter of 11 feet 2 in ches a nd were 
driven thro ugh a reduction gear providing a ratio of engin e 
speed to propeller speed of 0.479. 
The 0 cillating prcssure pickup Ll sed was a commercial 
conden ('['-type mi crophon e modified to operate und er t he 
rapidly varying sta tic pre ures enco untered in the te t . 
A frcquency-mochllation ystem was used to transmit t be 
pre sure signals to a ground-located sta.tion wh ere the signals 
wel'e rccord ed with a magnetic-tape r ecord er. A complete 
description of the piclmp, transmi tte l' , I'c('e ive l' , a nd analyzer 
eq uipmen t is co n tain ed in referenee 5. 
The mi crophon e was installed in a boom mountcd in th c 
ccn te l' gu nport of t he right wing. This locat ion placed the 
microphon e a t a rad ial distance of 7.31 fee t from Lhe pro-
pellcr llxi. The boom was co nstructcd in such a mann er 
that thc microp hon e could be shifted forwa rd and backward 
through a distancc of app1'ox lmaLel~" 4 fcct befol'e cach flight . 
Figurcs 1 (a ), 1 (b), a nd 3 show thc mi crop hone-boom ins tal-
lation. 
B efore th c ta rt of the flight-tcst program , the boom wa 
tc tcd in a wind tunnel to check for backgrou nd noise over 
t he a n t icipated Hight peed range. It was round t ha t t hc 
self"gcncra tcd ove rall no ise lcvcl of thc microp hone in th e 
ba nd 1.I"id thO to 1,000 cp was bclo\\" 113 decibels. This 
level of sclf "gcllera.Led ran dom noisc is con idered acccptable 
in th e measurement of sound-pressure level a low as 100 
decibels for discrc te frcquencies. Th c responsc of t he sys tcm 
u cd was flat within ± 1 decibel bctwccn 0 to 1,000 cps. 
Stand ard NACA recording in strumcnts wCl'e u eel to 
1'cco rd dynamic press urc, alt it ud e, frec-air temperaturc , 
eng ine spced, an d manifold pressw·c. 
TEST PROCEDU RE 
All sLatic ground tests a nel Hight tests were made with 
the microphon e loca tcd at a fixed radial eli tance of y = 0.655D. 
Test were m ade at threc values of longitudinal el i tance 
x=-0.125D, 0, a nd 0.125 D. Flight tests were arranged 
to investigate t he effects of flight ~Iac b numbcr , engin e 
peed , and C'nginc pow l' on propellc l' noi e, a follow: 
(1) Flight :'/(ach number: At engin c pceds of approxi" 
m a trly 2,700 rpm with the m anifold pre sure adjusted to 
produce a power output of approximatel)" 1,000 horsepower, 
Hi ght tcsts WC1'C mad e on both propcll el's at fli ght :'1ac11 
( b) 
(a) T apered-b la de p la ll forlll . 
(b) R ecLangu lar-bla de plan forlll. 
FIGl' RE I.- Frollt "i ew of the microphon e ills t ,t ll atioll S!JO\\' illg Lho 
, p ropell pr-blad e s hape . 
numbers from approximately 0 .2 to 0.7 b~" Yar.l"ing th e fligh t 
a ttitudc. Static ground Lests were also madc at thr amc 
pOWCI' a nd engin e peed elting . 
(2 ) Engin e speed (rotat ion al M ach numbc r) : At a flight 
Mach number of approximaLely 0.5 a nd engiu e output of 
approximately 1,000 horsepo\\'c1' , tes ts wen' m ack with th e 
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(a) Tapered-blade p lan form. 














tapered-blade propeller at engine peeds of approximately 
2,500, 2,600, 2,700, 2, 00, 2,900, and 3,000' rpm. 
(3 ) Engine power: At a flight Mach number of approxi-
mately 0.5 and engine speeds at approximately 2,700 rpm, 
te L wcre made with the tapered-blade propeller at engine 
power of approximately 0,500,1,000, and 1,500 horsepower. 
RESULTS AND DISCUSSIONI 
Becau e it was neces ary to make eparate flights for ach 
pl'opellel' and for each boom set Ling, it was impo sible to 
repeaL Lhe te t conditions exactly. All test conditions arc 
aiven in table I and II for the tapered and reetanaulal' 
blades, re pec ively . In the di ussion to follow, the 
small difference in test condiLion arc di regarded, and the 
daLa al'e compared and examined in only a general manner. 
The effects of propeller-blade plan form are shown in 
a seric of figure comparing the noise emitted from the Lwo 
pl'opellcl' tested with change in operating parameter of 
nighL Mach number, engine peed (rotational M ach number), 
and powcJ'. Correlation of theory with measured re ul t 
fo llow the eli eu ion of changc in thc oprrating pal'amcLel' . 
I T!) :; l!) :-,f) - 2 
FIG HE 3.- Three mi crophone 10caLions used on tl1(' (cs(, a irplane 
during the ill\'cs ti gat ion . y = O.655D fo r a ll po~ iti on ~ . 
3 
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V, Poo , 
x T , lb ft /sec Ib/sf{ ft 
O. 125D 2, 800 0 2,110 
. 104D 2, 800 0 2, 110 
. 0890 2, 800 0 2, 110 
.0750 2, 800 0 2, 110 
.060D 2, 800 0 2, 1l.0 
.045D 2, 800 0 2, no 
. 0300 2, 800 0 2, 110 
. 015D 2, 800 0 2,110 
0 2, 800 0 2, llO 
- .015D 2, 800 0 2, llO 
- . 030D 2, 800 0 2, llO 
- . 045D 2, 800 0 2, UO 
- .060D 2, 800 0 2,110 
- .075D 2, 800 0 2, 110 
- .0890 2, 800 0 2, 1] 0 
- .1040 2, 800 0 2, 11 0 
- . 125D 2, 800 0 2, 1l.0 
. 125D 1, 190 0 2,110 
. 125D 1, 850 0 2, 110 
. 125D 2, 500 0 2, 110 
. 125D 3,100 0 2, 110 
0 1,490 0 2,110 
0 1, 850 0 2, 110 
0 2, 500 0 2, 110 
0 3, 100 0 2, 110 
- .125D 1, 490 0 2, 11 0 
- .125D 1, 850 0 2, 110 
- . J25D 2, 500 0 2, 110 
- . 1250 3, 100 0 2, 110 
TABLE I. - RESULTS WITH TAPERED-BLADE PLAN -FORM PROPELLE RS 
[y= 0.655Dl 
Test co ndit ions Sound-pressure level,rdb (Refcrencc pressure level, 0.0002 d.vnes/cm2) 
----
--------------------- -------------
Blade- Order of ha rmoni cs 
too, P, N, passage ----------------
°F hp rpm Moo Mn M, fre-
I I I I I I I 







8 1 1, 030 2, 693 0 0.66 O. 66 86. 0 
} (n) 8 1 1, 030 2, 693 0 .66 .66 86. 0 (,,) (n) (H) ( ,,) (,,) (,,) (u) (,, ) (al 
8 1 1, 030 2, 693 0 .66 .66 86. 0 
81 1, 030 2, 693 0 .66 .66 86. 0 128.6 122.6 116. 7 ] 10.0 109. 3 108. 7 
81 1, 030 2,681 0 .66 .66 85. 6 128.9 121. 5 116. 5 1 12. 7 
81 1, 030 2,681 0 . 66 .66 85. 6 128. 7 122. 3 117. 1 11 2. 9 
81 1, 030 2, 693 0 . 66 .66 86. 0 127. 2 122. 0 116. 3 111. 3 109. 9 
81 1, 030 2, 693 0 .66 .66 86. 0 127. 5 121. 0 116.3 I l l. 3 108. 0 
81 1, 030 2, 693 0 . 66 .66 86. 0 127. 1 120. 3 115. 6 
81 1, 030 2, 693 0 .66 .66 86. 0 131. 9 124. 5 120. 5 114. 5 
81 1, 030 2, 693 0 .66 .66 86. 0 126. 7 120. 3 1.1 4. 9 109.9 
81 1, 030 2,681 0 . 66 .66 85. 6 126.5 118. 1 115. I 109.2 
81 1, 030 2, 681 0 .66 .66 85.6 126. 7 120.5 115. 1 109. 5 
81 1, 030 2, 681 0 .66 . 66 85. 6 126. 8 U 8. 0 11 6.0 108. 5 
81 1, 030 2, 681 0 .66 .66 85. 6 
81 1, 030 2, 681 0 .66 . 66 85. 6 126.5 116. 1 11 6.3 109. 7 
81 1, 030 2,681 0 . 66 . 66 85. 6 126. 1 115. 5 11 6. 8 
81 570 2, 418 0 . 59 .59 77. 2 126. I 11 6.2 110.8 
81 710 2, 568 0 . 63 .63 82. 0 128. 0 119. 8 11 3. 8 
81 960 2,681 0 .66 .66 85. 6 128.6 120. 8 11 6. 0 110.0 
81 1, 200 2, 919 0 .72 .72 93. 2 130. 5 124. 7 120.5 115. 0 
81 570 2,405 0 .59 .59 76. 8 122. 1 113. 2 109.5 
81 710 2, 593 0 .64 .64 82. 8 125. 0 11 7.0 J 13.0 108. 0 
81 960 2, 693 0 .66 .66 86. 0 127. 8 121. 5 11 7.7 11 2. 0 11 O. 5 
81 1, 200 2, 944 0 .72 . 72 IHO 129. 9 123.9 120. I J 15.3 11 3. 5 
81 570 2, 380 0 .58 .58 76.0 119. 9 109.0 11 0. 0 J04.7 104. 5 
81 710 2, 596 0 .64 .64 82. 9 123.5 1.13. 5 11 3. 5 
81 960 2, 768 0 .68 .68 88. 4 127. 2 120. 0 11 7.5 109. 0 
81 1,200 2,937 0 .72 .72 93. 8 129. 9 123.0 120. 0 11 3.5 
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V, Poo , 
x T, lb ft /sec Ibisq [t 
- 0. 125D 2, 040 235 965 
- . 125D 1, 275 375 975 
- . 125 D ] , 240 385 945 
- . 125 D 908 524 988 
- . 125D 914 530 970 
- . 125D 914 530 955 
- . 125D 914 530 948 
- .125D 924 524 935 
- . 125D 924 524 935 
- .125D 0 526 ] , 005 
- .125D 545 526 1, 014 
-. 125D 800 526 1, 000 
- . 125D 1, 280 526 990 
- .125D 743 632 970 
- . 125D 575 775 l , 040 
- .125D 568 785 1, 010 
- .1 25D 698 785 960 
0 2, 050 231 938 
0 2,030 233 980 
0 1, 100 349 970 
0 908 516 940 
0 915 516 940 
0 910 521 920 
0 915 525 900 
0 920 522 880 
0 945 507 860 
0 0 528 950 
0 540 532 1, 010 
0 870 525 995 
0 723 650 1, 040 
0 652 702 850 
0 808 707 860 
. 125D 2, 170 222 965 
. 125D 1,295 370 960 
. 125D 900 528 970 
. 125D 912 528 960 
. 125D 920 528 955 
. 125D 910 532 940 
. 125D 912 527 928 
. 125D 878 520 915 
. 125D 0 5 17 960 
. 125D 490 537 1, 010 
. 125D 775 532 1, 025 
. 125D 730 640 1, 045 
. 125D 644 704 900 
. 125D 643 698 950 
. 125D 800 698 950 
TABLE I.- RESU LTS WTTH TAPER E D -BLADE PLA N-li' ORM PROPE LLEHS-Concludcd 
[y= 0.655D] 
T est condit ions Sound-pressure level, clb 
(R eference pressure level, 0.0002 cl ynes/cm2) 
1M. Blacle- Orcler of harmonics t oo, P, N , passage of hp rpm M n 111 I fre-
I I 
quency, l si 2c1 3c1 ·Hh 5th 6th 7th 8th 
cps 
F ljgh t tests 
I 
13 1, 030 2, 699 O. 22 O. 71 O. 74 86.2 123. 5 11 7. 5 112.0 107.8 104.0 106.0 
15 1, 030 2, 687 .35 · 71 .79 85.8 118.3 111. 7 107.5 107. 0 102. 0 
14 1, 030 2, 699 .36 · 71 .79 86. 2 120.7 U 3.7 
15 1, 030 2, 490 .49 .65 .82 79. 5 118.3 113.5 108.2 109.3 105. 5 
14 1, 050 2, 584 .50 .68 . 84 82.5 117.7 112.7 no. 1 ] 09.7 106. 5 
14 1, 050 2, 687 .50 · 71 .86 85. 8 117.2 114.2 Ill . 5 
] 4 1, 050 2, 787 .50 .73 .88 89. 0 117.9 115. 3 11 3.7 ll3.5 
14 1, 050 2, 847 .49 .74 .89 90. 9 118.0 116.0 117. 0 116. 2 115.0 
13 1, 050 2, 95 1 . 49 .74 .89 94.3 119.0 U 8.2 119. 5 ll8. 8 116.7 1 JL1. 9 111. 9 109. 5 
17 0 2, 677 .49 .70 .85 85. 5 118. 1 I H.9 111. 8 108.3 
17 600 2. 687 .49 . 70 .86 85. 8 112.4 110. 9 108. 8 105. 9 
16 900 2, 690 .49 . 70 .86 85. 9 111. 5 109.5 108.5 110.5 
15 1,400 2, 701 .49 · 71 .86 86. 3 119.9 U 5.7 11 2.5 110.5 l06.5 105.3 
15 l, 040 2, 697 .59 · 71 .92 86. 1 JI 9.0 116.7 11 5. 1 113.0 ]10.0 108. 5 106. 0 
20 1, 040 2, 672 .72 . 70 1. 00 85.3 132.1 l34. 0 133. 2 ] 32. 0 129. 7 127. 2 124. 0 121. 0 
20 1, 040 2, 682 . 72 ' .70 1. 00 85. 6 132. 7 ] 35.5 134.5 132. 8 130. 0 127. 3 124. 0 
26 1,280 2, 926 . 72 .77 1. 05 93.5 133. 8 136.9 136. 7 134. 5 133. 5 127. 8 123.8 121. 2 
- 1 1, 020 2, 677 . 22 · 71 . 75 85. 5 124.8 121. 1 11 7. 6 113. 8 109. 5 106.3 102.0 
4 1, 020 2, 677 .22 .71 . 74 85. 5 123. 8 ll 9.6 115. 7 110.0 108.2 106.4 104. 0 
4 1, 020 2, 677 .33 . 71 . 78 85. 5 123.6 119.5 11 6. 1 112. 8 109. 0 
0 1, 020 2, 493 .49 .66 . 82 79. 6 l21. 6 118.3 114. 9 I ll. 0 109. 7 
0 1, 030 2, 577 .49 .68 .84 82.3 122.5 120. 1 117. 3 Il 4. 6 110. 3 108.7 103.0 
- 2 1,040 2, 681 .50 · 71 .87 85.6 123. 3 121. 5 120. 1 118.2 115.0 112.5 108.5 106. 0 
- 4 1, 050 2,778 .50 . 74 .89 88. 7 124. 3 123.3 122. 5 121. 3 119. 1 116.9 U 4. 1 110. 5 
- 6 1, 050 2, 878 .50 . 77 .91 91. 9 125. 4 126. 3 126.3 126. 2 125.7 124.4 ] 22.4 119. 9 
- 8 1,050 2, 940 .49 . 79 .93 93.9 125. 9 127.6 128.3 128.1 127.2 125.0 123. 3 120.7 
3 0 2, 712 .50 .72 . 88 86.6 120.3 120. 9 119.7 117.3 114.7 111.5 107. 1 
8 600 2, 706 .50 · 7 1 .87 86. 4 120.7 120. 5 119.3 117.0 113.6 116.8 108. 5 105. 0 
6 1, 000 2, 702 .50 · 71 . 87 86. 3 121. 6 120. 6 119. 3 116.8 114.1 111. 4 108. 0 105. 5 
12 1, 040 2, 702 . 61 · 71 . 94 86. 3 126. 9 127.7 127. 7 126.8 125. 4 123. 0 120. 5 117. 9 
- 5 1, 040 2, 702 .67 . 72 .99 86.3 131. 2 134.4 135. 2 134. 1 131. 2 127. 0 121. 8 119. 8 
0 1, 300 2, 928 . 67 . 78 1. 02 93.5 134. 8 139. 5 140.3 138.0 131. 9 120.0 125.5 125. 9 
3 1,030 2, 702 . 21 .72 .75 86. 3 125. 7 121. 3 115.8 112.7 108. 2 102.5 
3 1, 030 2, 702 .35 .72 .80 86.3 124. 7 120. 7 116.9 112.7 !l0.9 
4 1, 030 2, 493 .50 .66 .83 79.6 123.5 119. 4 114. 6 100. 1 104.5 103.5 102.5 
3 1, 000 2, 587 .50 .69 .85 82. 6 124. 3 118. 1 116. 7 112.9 108.0 105. 3 
2 1, 050 2, 690 .50 .71 .87 85.9 125. 3 122. 5 11 9. 3 115. 0 Ill. 5 105.0 
1 1, 050 2, 778 .50 . 73 .92 88. 7 125. 9 123.7 121. 5 118.8 11 5. 6 110.9 107.9 104.0 
- 1 1, 050 2, 881 .50 .77 .92 92.0 126.6 124. 0 122. 8 120. 1 117. 0 113.7 Ill. 0 108. 0 
- 3 1, 050 2, 953 . 50 .79 .93 94.3 127. 3 127. 5 127. 0 125.8 123. 7 120.7 117.5 114.5 
3 0 2, 677 . 49 . 71 . 86 85. 5 119. 5 119. 3 116.7 112.9 109.7 107. 3 
7 550 2, 671 .51 . 70 .87 85. 3 122. 2 120.2 117.6 113.6 109. 8 106.0 103. 5 
9 900 2, 728 .50 .72 .87 87.1 123. 4 120. 7 11 7.5 113.5 109. 9 105.6 103. 5 
12 1,040 2, 703 .60 .71 .94 86. 3 128. 2 126.3 ] 25.5 122. 9 119.7 116. 2 111.7 107.0 
10 1, 030 2, 652 . 66 · 71 .97 84. 7 131. 3 133.0 132.0 129.7 125. 6 126.9 119.3 11 8. 3 
5 1, 020 2, 702 .66 . 71 .97 86. 3 131. 0 132. 4 131. 6 129. 5 125.8 120.9 J 18.2 119. 2 






















114. 0 I 
113.0 
118.8 














































\ " I Poo , 
x I '1', Ib I ft /sec Ib/sq fL 
O. 125D 1 2, 800 
o 2, 800 
- . I 25 f) 2, 800 
- 0. 125f) 2, 160 
- . 125D 1,340 
- . 125D 915 
- .1 25D 942 
- . 125D 946 
- . 125D 960 
- . 125D 963 
- . 125f) 756 
- . 125f) 583 
- . J 251) 738 
0 1, 830 
0 1, 3 l0 
0 955 




· 125 /) 2, 180 
· 125]) 1,300 
. 125D 950 
· 125 f) 1,360 
· 125 f) 762 
· 125f) 606 




















































TABLE II .- RESU LTS WITH RECTAXGULAR- BLADE PLA~-FORM PROPELLER::; 
[U = 0.655f)] 
T esL cond ition s 
too, P, 
of hp 
69 1 1,030 69 1, 030 
69 1, 030 
5 l , 03 ) 
0 1, 04 ) 
- 7 1, 03 ) 
- 11 1, 05 ) 
- 5 1, 06 ) 
- 6 1, 07 ) 
- 6 1, 07 5 
- 6 1,06 ) 
0 1, 03 ) 
- 3 1, 28 ) 
9 1, 04 g 
9 1, 04 g 
10 1, 08 ) 
10 1, 53 ) 
II l , 08 ) 
13 1, 03 ) 
l8 1, 27 ) 
4 1, 04 :) 
3 1, 03 5 
5 l, 07 :) 
5 l,53 ) 
7 l , 06 ') (j 1, 08 ) 








































. ·l 9 
.60 
. 72 
















































:ro lill d L('sh 
O. 67 86. 4 
.67 86.2 
. 67 86. 2 
FlighL [rsl s 
O. 75 86. 2 
.80 86. 7 
.8..J 79. 5 
. 8(j 82.9 
.88 86. 6 
92 92. 3 
.93 94. 0 
.94 86. (j 
J.02 87. 2 
I. 07 93. 0 
.76 86. 6 
.80 86. 6 
.87 86. 4 
.92 94. 0 
.93 86. 2 
1. 01 85. 8 
1. 04 92. 9 
. 74 86.0 
. 78 86. 2 
. 87 85. 8 
.92 !)4. 0 
.92 85. (j 
1. 0 I 85. 0 
I. 0·1 I 93.2 
I sl 



























Sound-pressure le"el, db 
(H.efert'nce pressure le" cl, 0.0002 d.vll c~/cIll 2) 
2cl 3d 
125 . . 5 1 11 8. 0 
123. 0 11 8. 5 
J 20. 0 11 9. 0 
l H).O J 13.5 
11 7.8 11 2.5 
11 5. (j J09.5 
11 6.0 11 2.0 
I J6. 5 11 2.5 
11 8. 5 11 6.0 
120. 0 118. 0 
121. 5 118.0 
136.5 134.0 
139.0 137. 0 
J25.0 120. 0 
124.0 1I 9. 5 
123.5 l20.5 
130.0 l 28. 0 
128. 0 126.0 
H2. 0 H1. 5 
146. 0 l42.0 
124. 5 120. 0 
123.0 11 9. 0 
125. 5 122. 0 
130. 5 129.0 
129. 5 l27.0 
139 . .'j 135. l 
1·13.5 133.5 
Ordc'r of harmonies 
..Jlll I 5th 
11 I. 0 I J 12. 0 
11 3. 0 
108.0 
J09.0 I I 
100.5 107.0 
l07.5 
J 09. 5 
108. 0 
6th 
11 2. 5 107.5 1 104. 5 
114.5 11 0. '1 106. 5 
11 2.5 
13 1.0 126. 0 1 12 1. 5 
133.0 126. 5 
11 5. 5 
11 ·10. 5 
115. 5 11 l. 0 
125.0 12 1. 5 11 7. 0 




8Lh 9Lh 10Lh 
J38.0 131. 0 In 5 128.5 1 J27. 0 1 123.5 1 121. 5 
129.5 J28.5 120.5 123.0 
ll 5.0 
l1 3. 5 
11 7. 5 ll ·1. 0 
126.5 123.0 11 9. 5 1 11 .1. 5 
123.5 110.5 ll5.0 
l:2.1. 0 126.0 126. 5 122. 0 120. 5 119. 0 
132.5 l33.0 1 21. 0 1 28. 0 I 123. 5 I 124. 5 I 125. 0 















































MEASURED OSCILLATING PRESSURES NEAR PROPELLERS I F LIGHT 7 
EFFE CTS OF FUGHT MA CH NUMBER 
Th e efl'eeLs of flight M ach number at t he t lu'ee axial mi cl'o-
p ltone locations al' shown infigul'e 4. A trend is shown for 
Lhe lower blad -passage harmonic of both blade designs to 
decJ'ea e lowly in. ound-pres m e level a th e fligh t M ach 
num ber increase to approximately 0.5 and to in Tea e 
ra pidl~' with fur ther incl'ea e ill fligh t .Mach numb er. F or 
th e lowe r bl ade-passage harmo llics t he tapered blade shows 
a lower ound-pl'e ure level l bn,1I t he rectangular blade . . 
The higher harmoni cs how a light in crease in sOlilld-
prcs U I' C level fo r both blade design lip to M ", ~ 0 .5 with 
rapid in crease fol' higher fli gh t Mach number . Above 
.11 ",= 0. 5 th e tapered-bl ade design shows a more rapid in-
crea e in oun l-pressUl'e level with Mach Ilumber t han the 
rectangula r-blade design. T 11 i tr end, which is mor e pro-
nou nced for Lh e higher harmonic, produces higher ound-
pressuJ'e levels ill the higl1f'l' harmonic range for t he taprl' rd-
bl ade de ign than fo r the r ectangular-blad e design. 
E FFECTS OF E N GI N E SPEED (ROTATIONAL MA CH NUMBER) 
The cffel'ls of cha,ll o'ing the engine spee 1 (rotational Mach 
numb er) on th e sound-pre ure levels at a constan t forw ard 
M ach number and power arc hown in figUl'e 5 and 6 for the 
Lapered- a,ncl rec tangular-bl adc de igns, r espectively. The 
rcsults for bo t h blade design show small in creases in the 
oscillating pre. m e. wi th rotational M ach number for the 
fU'st harmonie, bu 1 t,il e incl'ea c for t he high er harmoni cs 
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F I (:l' HE 4.- Va riaLion of p ropell er n oise harmoni c conLent \\'it h fli g hL 
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F 1GURE 5.- Va riation of sound-press ure le v Is with engine spced for 
t he tapered-b lade propeller. Blade-passage harmonic. ar e con-
n ected wit h da hed lin e for id enti fi cation purpo es on ly . /VI", "" 0.5 ; 
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600 800 1000 
F I (:liRE 6.- Variation of soun d-p ressu re level with. engine speed fOr 
t he rectang ul a r-blade propell er . Blade-p a age harmon ics a rc con -
nected wit h. dash d li ne fo r identification purpo es on ly . 111.'", "" 0.5 ; 
1" ",, 1,050 hp ; m icrop hone location , x= .-0.125D. 
FiO' lll'e 7 (a) and 7 (b) show that t he effect of High t M ach 
number are similar to those of rotational Mach number. 
D ata for figUl'e 7 (a) were ob tained at a flig ht M ach number 
of approximately 0.5 and an engi ne speed of 2,900 rpm. 
D a ta fo], figure 7 (b ) were obtained at a fligh t Maeh number 
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(a) M oo "' 0.5 ;!\" "'2,900 rpm; P "" l ,OOO hp ; y = 0. 655D . 
(b) M oo "' 0. 6 : I\" "'2,700 rpm ; P '" 1,000 hp; y = 0.655D . 
FI CL· RE 7.- ' ·ariat ion of sound-pressure level with axia l m icrophone 
location . Blade-passage harmoni cs a re con nected \\·it h dashed lin es 
for ident ifi cation purposes on ly. 
of approximately 0.6 and an engin e peed of 2,700 rpm. 
The rc ultant tip Mach number for both conditions is ap-
proxirnately 0.95. The similarity of the two figures hows 
that in th e range of the t\\"O condition the effects of increa c 
in flight Mach numb er are the arne as in creasc in rotation al 
speeds" 
EFFECTS OF ENGINE POWER 
Thc effects of engin e power delinred to the Laperecl-
blade propeller 011 the noi e emitted from the propeller are 
shown in figure 8 for Lhe tlu·ee axial microphone lo ca tion . 
D a ta of this type \\"er e no t obtain ed for th e r ectangular-
blade propeller. The r ela tively small change in noise lev el 
wi t h large chauges in po""cr displayed by the tapered-
blade propeller seems to i nd icate that the propeller is also 
produ cing thickness no ise of at least the same order of 
ma gni tude as th e loading noi e. 
The power delivered to th e propeller is seen Lo affect the 
noise emi t ted by the ord er of 6 decibel. This order of 
magnitude is far less than would b e expected from consider-
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F I C GRE S.- Vari at ion of sound-pressure le' "els wi t h engin e p o\\"er for 
t he tap ered-blade propell er. Blade-passage ha rmonics a re con -
nected wi t h dashed lin es for iden t ifi cation purpo es on ly . Jfoo "' 0. 5 ; 
N ",2,700 rpm ; y= 0.655D. 
4. Howev er , calculation of thickn ess noise made in r efer-
ence 6 show that the magnitude of the thickness noi e, for 
th e r ectangular-blade propeller operating under the arne 
flight conditions shown for figure 8, is ""ithin 6 decibels of th e 
blade-loading noise. 
It should b e noted that Lhe propellers used in the prese n t 
inyestigation are designed for a flight Mach number of 0.5. 
At speeds above the design condition the ou ter portion of the 
blades tend to unload. Also, for a given horsepower inpu t , 
Lh e average thrust n ecessarily drop in proportion to the 
forward-speed in crease. The combination of t hese t\,"0 
factor and th e near location of the microphone to the tip 
would cause th e r esults found in the present investigation to 
overemphasize th e thickness noise in compari on \\"itb th e 
10adinO" noi e at th e higher speed conditions . This may be, 
in par t, the r eason that th e r e ul ts of the pre ent inves tiga-
tion do not completel)T substantiate th e theor)" of refer ence 4, 
as will be cliscu cd ubsequently. 
CO RRELATIO N WITH THEORY 
Du e to Lhe nature and limitations of the pre en t inyesti-
gation , it was no t possible to obtain a complete check of 
th e theory of r efer ence 4 for the effect of forward speed 
on the ound-pres ure fi eld around propellcrs . The r esult 
1-°' 
~ 
:vlEA URED 0 CILLATING PRES URES NEAR PROPELLERS IN FLIGHT 9 
obLained allow a few broad ge neralization to be made 
which are a folIo,,' : 
(1) In agreement with Lhe theoreticall'e ult of r eference 4, 
the rc ult of the prcsent invc tigation, a hown in figure 4, 
how an initial gradual elecrea e in the 0 cilla ting pressures 
wi th a more rapid increase at flight Mach numbers above 0.5. 
Thi was al 0 ho\vn in t he re ult of referencc 7, which 
utilize the theory of r ef rence 4. 'iiVh n accoun t is taken 
of th e difference be w en the flight-te t configuration and 
the configuration examin ed theoretically in r eferences 4 and 
7, the pressurc levels and chano'c in level with :Mach number 
arc aloin rather sati factory agreement. 
(2) In agrcement with the theory of refcrence 4, the te t 
result how that the level of the higher harmonic of th 
propeller noi e increa es at a h igher raLc than Lhat of the 
lower harmonics with in crea e in flight }.IIach number. This 
trend i hown in figure 5 of ref rence The aIculation 
of reference utilize the theory of reference 4. 
(3) For th e propellcr studied in reference 4, the 0 cillating 
prc llre in the plane of the propeller di k and aheael of the 
eli k wcrc found to be 10\\'e1' than those immediately behind 
the eli k . This theoretical resulL is contrary to the result 
found in the pre ent tc t , a i hown in figure 5 to 
Th i co n tl'adiction cloe not , however , in validate the theory. 
Rathel' it ind icate ' that other efl'e ts uch a variation in 
torquc an l thl'll l di tribution should be inve tigated. A 
noted in th e pl'eyious sec tion , th e outer portion of tbe blade 
wa operating under unloadcd co ndition for forward :\Iach 
number above 0.5. 
CONCL 810 8 
_\. par t of a brief fligh t program in itiated to check the 
theory of Gal'l'ick and Watkin (KAC \. R ep . 119 ), a brief 
se t of mea urement \\'ere made of the oscillating pre sure 
in the vicinity of a blade of tapered plan form and a blade 
of rectangular plan fo rm at fligh t :\Iach number up to 0.72. 
1Ieasurements \,er e made at a ingle radial tation and at 
po iLion ahead of, in the plane of, and behind the propeller 
di k. Th e scope of the te t was found to be insufficien t to 
obtain compl ete verification of the t heory for the effect of 
fOr\\' ard peed on the ound-pre ure field around propellcrs, 
but it was po sible to ub tantiate the following two phe-
nomena: 
(a) The oscillating preSSUl'e neal' th tips of a propeller 
tend to elecrea e lowly with inc[,case in flight M ach numb r 
up to a :\Iach number of approximalely 0.5 and the n to 
increa c rather rapidly at higher :\Iach number. 
(b) The so un d-pre me level of the higher harmonics of 
th propeller lloise increase aL 9. higher rate wiLh incr ease in 
fligh t ;v[ach number than do the lowcr propcller harmonic. 
In contradict ion to the re uIts found for the propcller 
tudied in NACA R ep. 119 , the 0 cillating pre ure in the 
plane of and aheael of the propellers of the present inve l iga-
tion were found to be higher than those immediately behind 
the prop ell 1'. Fa tor uch as ,ariation in LorCjue and 
th ru t eli tributions, since the blades in the pre cnt investi-
ga tion were operating above their desic>'n forward peed, may 
accoun t for thi con tradiction . 
The effect of blade plan form how that a tapered-bla le 
plan-form propeller will produce lower onnel-pre sure levels 
than a rectangular-blade plan-form propeller for the low 
blad -pas age harmoni (the frequencie where tructUl'al 
consideration arc important) and will produee higher ound-
pre ure levels for the higher blade-passage harmonic 
(frequencie where passenger comfort is importan t) . 
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